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D evelopmental evaluation is a clinical responsibility of many health care professionals, including occupational therapists. Early identification of preschoolage children with suspected or confirmed developmental delays or disorders could lead to an early intervention to mitigate disabling conditions associated with some developmental disorders (National Joint Committee on Learning Disabilities, 1986; Provence, 1985; Sheehan & Gallager, 1983) . Although controversial viewpoints exist (Denhoff, 1981; Ferry, 1981) , proponents of early intervention suggest that developmental outcomes are better for children who are identified and treated early (Guralnick, 1991 (Guralnick, , 1993 Holmes, Britain, Simpson, & Hassanein, 1987; Infant Health and Development Program, 1990; Provence, 1985; Shonkoff & Hauser-Cram, 1987) .
Improvements in perinatal medicine have resulted in a decrease in cases of severe central nervous system damage in neonates, but mild to moderate impairment is more frequent (Msall et aI., 1993; Mutch, Leyland, & McGee, 1993) . These low severity but high prevalence disabilities are estimated to occur in 5% to 20% of the school-age popula-tion. Although these disabilities are more subtle, they can still prevent a child from achieving his or her full potential and are often precursors of later learning disabilities. The low severity, high prevalence diagnostic categories include speech and language problems, hyperactivity, attention deficit disorder, emotional and behavioral problems, developmental delay, clumsy child, developmental coordination disorder, slow learner, and learning disabilities (Levine, 1982; Missiuna & Polatajko, 1995; Palfrey, Walker, Sullivan, & Levine, 1987; Robertson, Etches, & Kyle, 1990) .
Early identification research suggests that only 21 % of children with low severity, high prevalence conditions are identified before 5 years of age, and it is rare for such children to be identified before 3 years of age (Palfrey, Singer, Walker, & Butler, 1987) . Children with these disabilities are most likely to be identified by a teacher or other school professional because [he majority of low severity, high incidence cases are not identified until a child fails in school (Frankenburg, Thornton, & Cohrs, 1981; Palfrey, Singer, et al., 1987) . Traditional intervention for children with low severity, high incidence disabilities has implemented remedial assistance after the child has failed in school and has been identified as dysfunctional. An alternative strategy would be prevention, that is, providing services before the onset of school-related problems (Brooks-Gunn & Hearn, 1982) . Refinement of screening and assessment instruments for children 3 to 5 years of age is thus considered crucial for early identification and early intervention.
The Miller Assessment for Preschoolers (MAP) (Miller, 1982 (Miller, , 1988 was developed for rwo purposes: (a) as a statistically sound assessment to identify preschool children with developmental delays who need further evaluation and (b) as a diagnostic assessment to use in conjunction with the test's supplemental observations (which provide clinical information of a behavioral or qualitative nature) and with other standardized tests. Used as a diagnostic assessment, the MAP can define a child's strengths and weaknesses in sensoty, neurodevelopmental, perceptualcognitive, and motor development and can indicate possible avenues for remediation (Miller, 1988) .
Initial construct validity was established by assessing a sample of90 children with functional delays in perceptual, language, or behavioral development. Children with cerebral palsy, autism, and mental retardation were excluded from the sample. The MAP score identified 50% of the group with functional delays as functioning at or below the 5th percentile (at risk) and another 25% as functioning in the 6th to 25th percentile (possibly at risk). Three independent predictive validity studies (Cohn, 1986; Lemerand, 1985 Lemerand, , 1988 Miller, 1986 Miller, , 1987 were summarized in one article by the same authors (Miller, Lemerand, & Cohn, 1987) . These authors interpreted their findings as providing preliminaty evidence for the MAP's ability to differentiate berween academic "problem" and "no problem" children and supporting the 5th percentile and 25th percentile cut points. The 5th percentile cut point "effectively identified children requiring special education while the 25th percentile cut point identified the full range of severe to mild problems" (Miller et al., 1987, p. 780) . Schouten and Kirkpatrick (1993) challenged this interpretation in a critique that reexamined the findings of the three predictive validity studies that used classification procedures. With the 5th percentile cut point, Schouten and Kirkpatrick reported that Miller's (1986) study did not identify 79% of the children who later had academic problems; Cohn's (1986) study missed 90% of the children with academic problems; and Lemerand's (1985) study missed 69% of the children with academic problems at follow up. Humphty and King-Thomas (1993) explored the MAP's sensitivity with the 25th percentile cut point. They reported underreferral rates that ranged from 28% to 2%, depending on the outcome criterion used to identify later academic problems.
Fulks (1996) used clinical epidemiological techniques to investigate the validity of the MAP in predicting later cognitive outcome for 37 children with prenatal drug exposure. A range of cut points was used, including the 5th, 14th, 17th, and 26th percentiles, to determine sensitivity, specificity, positive predictive values, negative predictive values, overreferral rates, underreferral rates, and receiveroperator characteristic curves. The Wechsler Preschool and Primaty Scale of Intelligence-Revised (WPPSI-R) (Wechsler, 1989) , the Test of Early Reading Ability (Reid, Hresko, & Hammill, 1989) , the Peabody Picture Vocabulaty, and the Developmental Test ofVisual-Motor Integration (Beety, 1989) were used as outcome measures. The MAP demonstrated the highest level of predictive accuracy for the WPPSI-R. The 14th percentile MAP cut point was found to demonstrate higher overall levels of predictive accuracy than the test's recommended 5th and 25th percentile cut points.
Although questions have been raised regarding the predictive validity of the MAP when used as a screening tool (Schouten & Kirkpatrick, 1993) , particularly when only the 5th percentile cut point is used (Humphry & KingThomas, 1993) , some of these same authors argued that predicting mild to moderate learning problems with a single screening point in time may not be possible (Dworkin, 1989; Humphty & King-Thomas, 1993; Lichtenstein & Ireton, 1991) . Humphtyand King-Thomas (1993) indicated that the MAP may have other important uses for clinicians charged with assessing preschool-age children (e.g., to identify current strengths and weaknesses, plan intervention, document change). They also stated that the range and depth of the assessed items and functions exceed that of other instruments for this age group because the MAP includes items that assess aspects of sensoty processing and motor planning.
Clinical Studies
The validity and clinical use of the MAP as a diagnostic assessment of children with developmental delays or dysfunc· tion have been examined by several researchers. Denning and Mayberry (1987) investigated vestibular dysfunction in preschool children with and without a history of otitis media and found that those with a history of otitis media had significantly lower performance scores on two of the five MAP items (i.e., stepping, vertical writing) that measure vestibulospinal function. Predictive validity research has shown a strong correlation between poor performance on rhese two irems and larer problems with fine motor skill development and academic performance (in reading and math) in the normative sample (Miller, 1986) . Provost, Harris, Ross, and Michnal (1988) tested 110 preschool children considered at risk for developmental disabilities with the MAP and the Peabody Developmental Motor Scales (PDMS) (Folio & Fewell, 1983) . Weak to moderate correlations (r = .15-.81) were found between the two tests. Testing with both the MAP and the PDMS identified children who would have been identified with either test alone. The authors concluded that the two tests measure different aspects of sensorimotor functioning and that both tests should be administered to at-risk preschoolage children for more comprehensive evaluation.
In a retrospective study of 54 children who had been prenatally exposed to drugs, Fulks and Harris (1995) assessed children with the MAP as part of a developmental follow-up clinic protocol. Although a specific test profile did not emerge, the overall test results were skewed toward lower scores with poorer performance on items measuring tactile, proprioceptive, and vestibular sensory processing and language.
In a study of 95 children with suspected or confirmed developmental problems, Daniels (1990) and Daniels and Bressler (1990) found significantly different score patterns on the MAP total and five index scores for six physicianidentified medical-deve1opmental diagnostic groups compared with children who were considered at risk for developmental problems who obtained scores within the average range. The MAP score patterns differentiated both specific and more generalized delays for problem groups classified as speech-language problems, motor output problems, speechlanguage and motor output problems, developmental delays, neurological diagnoses with developmental delays, and psychiatric diagnoses.
The purpose of the present study was to replicate the Daniels and Bressler (1990) study, examining the construct validity of using the MAP to assess children with suspected or confirmed developmental delays. The specific objectives were to (a) examine the relationship between MAP scores and medical-developmental diagnostic category in a sample of children with suspected or confirmed developmental problems and (b) determine whether the patterns of the The American journal ofOccupational Therapy MAP total score and the five index scores differ among medical-developmental diagnostic groups.
Method

Participants
Participants were 132 children (36 girls, 96 boys) ranging in age from 33 months to 68 months, (M = 5.4 months, SD = 8.3), the age range covered by the MAP. As in the pilot study, children with sensory, motor, or mental disabilities of a degree that would preclude completion of the test with standardized procedures were excluded from the study. All participants had been referred by their family physician to one of four child development center programs in British Columbia, Canada. In addition to whatever medical-developmental tests were required for each participant, routine administration of the MAP with standardized procedures was completed by occupational therapists at each child development center.
Procedure
Before initiating the study, examiners either (a) had previously attended a MAP training seminar or (b) were trained by the investigator in the standardized administration and scoring procedures. Interrater agreement was set at better than .90 for the total score. For the seven examiners who contributed data to the study, interrater agreement ranged from .90 to 1.0 (M = .94). For the purposes of this study, only the MAP data were examined relative to medicaldevelopmental diagnosis, even though additional tests may have been administered (by the occupational therapist, physician(s), multidisciplinary team professionals) to assist the physician in determining the medical-developmental diagnosis for each child. Demographic information was also requested from the parent or guardian but was not required for participant inclusion in the study.
After each child's evaluation, a participant number was assigned to ensure anonymity. Age, gender, the MAP score band for each of the 27 test items, the five index scores, the total score, and nine behavior during testing observations were recorded on a data collection form. The medical-developmental diagnosis for each participant was made by his or her family physician or pediatrician, following the assessment protocol ofeach child development center. Children were then grouped into one of five medical-developmental diagnostic categories or a no-diagnosis group. An expert panel of three occupational therapists and a medicallibrarian validated the composition and label for each group.
Three of the categories were identified in Daniels and Bressler's (1990) study as speech-language problems (SPL), motor output problems (OUT), and speech-language and motor output problems (SPLO). Children in the SPL group had speech delays or disorders, receptive or expressive language problems, or some combination thereof Children in the OUT group were variously labeled as having fine motor, gross motor, visuomotor, eye-hand coordination, or articulation delays or disorders. Children with output problems as well as speech-language problems comprised the SPLO group. Two groups used in the earlier study, the developmental delay and the neurologic diagnosis with developmental delay groups, were collapsed into a single group, DONO, for this study. This was done because scores for both groups were significamly lower (han those for (he ocher three groups on all six MAP scores in the previous study. The other two diagnostic categories used in the present study were (a) the neonatal abstinence syndrome (NAS) group, which consisted of participants exposed prenatally to drugs, and (b) the no-diagnosis (NODX) group, which consisted of participants who were evaluated because of concerns about their development but for whom no developmental diagnosis was concluded for this particular evaluation. These children were followed for previous risk or for conditions such as failure to thrive, prematurity, low birthweight, or neonatal or early childhood medical emergencies.
Instrument
Examination of the MAP's clinical properties (Miller, 1982 (Miller, , 1988 ) is ongoing. The assessment's original standardization included preliminary studies to establish its reliability and validity, and this information is included in the manual. Interrater and test-retest reliabilities reported in the test manual range from .84 to .99, representing good to high levels of reliability. Two estimates of internal consistency reliability were both .79. The standard error of measurement was .5%, a very narrow range considered to support the reliability of the obtained score (Miller, 1982 (Miller, , 1988 .
Several aspects of the MAP's validity were addressed during the assessment's development. Content validity was examined through development of a specification table, item selection that was based on the ability of each item to reflect a developmental trend, factor analysis that supported the notion of five separate indexes, and correlation analysis of each item and each index with a child's total score (Miller, 1982) .
Concurrent validity was undertaken by comparing the MAP scores with scores on the WPPSI-R, the Illinois Test of Psycholinguistic Abilities (Kirk, McCarthy, & Kirk, 1968) , the Southern California Sensory Integration Tests (Ayres, 1980) , and the Denver Developmental Screening Test (Frankenburg et al., 1990) . Although none of these tests are sufficiently comparable to the MAP content for direct positive correlations to emerge, some of these tests' scores did correlate with some of the five MAP index scores.
Data Analysis
Descriptive statistics were used to summarize demographic data and to determine the distribution of score ranges and the number of definite problem and possible problem scores in each group. As in previous research with the MAP (Daniels & Bressler, 1990; Miller, 1982) , initial analyses ruled out possible confounding influences due to age or gender. A univariate analysis of variance (ANOVA) was used to look for differences between rhe NODX group and each of the five medical-developmental diagnostic groups for the total and five index scores as well as the nine behavior during testing observation items. Post hoc analyses were done with (he Neuman-Keuls mulriple comparisons. The level of significance was set at p < .05 for these comparisons.
Results
The distribution of the total and index scores ranged from 1% to 99% for the sample as a whole (n = 132), with more restricted ranges for some diagnostic groups on some indexes (see Table 1 ). The mean scores tended to be low, with many in the lower percentiles. Twenty-one (15.9%) participants were identified by the MAP as in the definite problem range, with total scores at or below the 5th percentile, and 43 (32.5%) were identified as in the possible problem range, with total scores from the 6th to the 25th percentile. The number of children in each group with scores in the definite problem and possible problem ranges for the total and each index score is shown in Table 2 .
The means and standard deviations for each group as well as the F value of the ANOVA are shown in Table 3 .
The F values were significant at the p < .05 level. Some scores were highly variable, as indicated by large standard deviations. For some scores, the standard deviations were larger than the means. The results of the POSt hoc comparisons were as follows:
• Total score: The NODX group scored significantly higher than all the other groups except the NAS group. The NAS group scored significantly higher than the SPLO and DONO groups.
• Foundations index: The NODX group scored significantly higher than all the other groups.
• Coordination index: The DONO group scored significantly lower than all the other groups except the SPLO group. The SPLO group scored significantly lower than the NODX group.
• Verbal index: The SPL and SPLO groups scored significantly lower than the OUT and NODX groups.
• Nonverbal index: The SPLO group scored significantly lower than the NODX and NAS groups. The DONO group scored significantly lower than the NAS group.
• Complex Tasks: The SPL and NAS groups scored significantly higher than the OUT, SPLO, and DONO groups.
Further examination of the MAP total and index scores for each medical-developmental diagnostic group can be helpful in identifYing potential score patterns. Figure 1 shows the score patterns for each of the six groups as follows: • The NODX group scored higher rhan the orher groups on the Nonverbal and Complex Tasks indexes groups on the total score, Foundations index and and higher than most groups on the Verbal index and Coordination index and was the only group for total score. whom all participants' scores were in the no prob-ANOVA and pairwise contrasts were also performed lem category.
for the nine behavior during testing items that are recorded • The SPL group scored lower than all the other diagas observations of participant behavior during administranostic groups on the Verbal index, which depressed tion of the standardized MAP (see Table 4 ). Significanr pairits total score, although they scored higher than most of the orher diagnostic groups on Foundawise differences were found only for the Need for Reward tions, Coordination, and Complex Tasks indexes. variable, on which the SPLO group scored significantly
• The OUT group scored in the possible problem lower than the NODX and NAS groups. There was an range on the Complex Tasks index and the total overall significant F value for the Concentration variable, score yer scored relatively high on rhe Verbal and but no significant pairwise contrasts. This may be due to the Nonverbal indexes.
harmonic mean procedure that had to be used because of • The SPLO group scored low on the total score, the unequal numbers in each group; the cell sizes of all the Coordination index, and Verbal index.
groups are in effect reduced in proportion to the smallest • The DDNO group scored lower than all the other group (P. G. W Schouten, personal communication, August groups on the total score, Foundations index, Coor-4, 1993) . Because the scoring for one of the behavior during dination index, and Complex Tasks index.
testing observations is categorical rather than continuous, • The NAS group scored higher than all the other the data were also analyzed with chi-squares. In this analy- The American Journal ofOccupational Therapy sis, Need for Reward was again the only significant variable. mental diagnostic categories. The score trends identified for our sample are similar to those reported by Daniels and Discussion Bressler (1990) and Daniels (1990) in that MAP score patThe results of this study support the notion that score patterns differentiated both specific speech-language problems terns on the MAP differ among some medical-developand motor output problems as well as more generalized November/December 1998, Volume 52, Number 10 developmenral disorders, such as those found in the SPLO and DONO groups. The differences in score parrerns for groups of children with known or suspected developmenral problems support the construer validiry of the MAP. The validiry of using the MAP with clinical populations of children with severe developmental delays and disorders as well as with populations with mild ro moderate developmenral problems, as suggested in the test manual (Miller, 1982 (Miller, , 1988 , is also supported by our results. The test score variabiliry found in this clinical sample was also reported in Daniels and Bressler's (1990) study. As in their study, many of the participanrs were followed because they had specific conditions or risk facrors, such as hydrocephalus, epilepsy, prematuriry, or neonatal drug exposure. However, not all participanrs with a particular condition or risk facror will have developmenral problems. The MAP scores that discriminated best among the groups were the rotal score and the Complex Tasks index, with six significant pairwise differences each. The rotal score would be expected to be the best discriminaror because it represenrs the largest number of items. The Complex Task index is considered to conrain items that require multiple skills to accomplish. Thus, problems in other skill domains assessed by the MAP would be expected ro depress the Complex Task score. For the remaining indexes, the number of pairwise differences identified were as follows: five in Coordination, four in Foundations and Verbal, and three in Nonverbal. Although significanr differences among the groups occurred for the Nonverbal index, the mean scores for all groups were in the average range, as was true in the pilot study (Daniels & Bressler, 1990 al index does not appear helpful in the differenrial diagnosis of developmenral problems. Although the MAP manual suggests using the rotal score ro idenrif)r problem, possible problem, and no-problem categories, previous research and clinical experience suggest that this may be roo srringenr (Daniels, 1990; Daniels & Bressler, 1990) . Analysis of definite problem and possible problem scores that fall in a meaningful pattern might be more helpful than isolated use of the rotal score for both identification of subtle problems and treatmenr planning. In this sample, examination of index scores for individuals within the groups shows that the largest number of definite problem scores occurred for Complex Tasks, followed by Verbal, Foundations, and Coordination. The largest number of possible problem scores occurred for Verbal, followed by Coordination, Foundations, and Complex Tasks. The lowest number of definite and possible problem scores occurred for Nonverbal. Examination of the number of definite and possible problem scores by developmental diagnostic group shown in Table 2 suggests that use of index scores might result in identification ofless obvious problems, particularly in the NODX and NAS groups, who had the highest rotal scores. The NODX group had 3 definite problem and 6 possible problem scores, but 10 definite and 38 possible problem scores.
Similarly, the NAS group had 1 definite problem and 5 possible problem scores, but 7 definite problem and 14 possible problem scores. Using the possible problem category for idenrification and treatment planning could result in overidentification of developmental problems because the possible problem score range is from the 6th ro 25th percentile.
863
For clinical use, considering scores below rhe 16th percentile as indicating possible problems would be more appropriate because those scores would be more than 1 standard deviation below the mean. However, with the scoring structure of the MAp, the 16th percentile is nOt an attainable score. In her predictive validity study, Fulks (1996) found that using the 14th percentile as a cut point resulted in the best overall predictive accuracy.
As in the Daniels and Bressler (1990) study, the majority of MAP scores in the current study fell in the lower percentile ranges rather than in a normal distribution. This is not surprising because all the participants in the sample were evaluated because of suspected or confirmed developmental problems. In both studies, the MAP was used for evaluation purposes rather than for screening a large number ofchildren without suspected developmental problems. These score means, ranges, and patterns for the comparable groups are similar to those reported in the earlier studies (Daniels, 1990; Daniels & Bressler, 1990) , despite our study of multiple sites and multiple examiners, which would be expected to result in greater variability.
No particular pattern emerged for the NAS group, which is consistent with findings reported by Fulks and Harris (1995) . The NAS group had the second highest total score and the highest mean scores on the Nonverbal and Complex Tasks indexes, scoring relatively lower on the Foundations, Coordination, and Verbal indexes, with the Foundations score the only one in the suspect range. Fulks and Harris reported similar trends toward language impairments and deficiencies in tactile, vestibular, and proprioceptive sensory processing, with above-average scores on Nonverbal index and Complex Tasks.
It is important to note that the results for the NAS group may be artificially high because data were only included for those children who could complete all items on the test. This represented about one third of the potential participants seen during the I-year study (M. A. Fulks, personal communication, April 11, 1994) .
Limitations
A number of limitations must be considered to accurately interpret and apply the results and conclusions of this study. The small number of participants in some groups may limit generalizability. Use of multiple sites and multiple examiners may have introduced error. There were differences among the four child development centers in the diagnostic labels used, and these may differ from diagnostic labels used in the United States or other parts of Canada (e.g., developmental coordination disorder was not diagnosed for any participant).
Conclusion
The results of the study support previous research findings that (a) MAP score patterns differ among some medical diagnostic group and (b) MAP score patterns differentiate specific problems, such as speech-language problems, and more generalized problems, such as those found in the SPLO and DDND groups. Findings support the notion that the MAP is a valid tool to identify developmental delays in preschool-age children and that it is useful for identifying children with moderate to severe developmental problems as well as mild to moderare developmental problems as stated in the MAP manual. The overall results support the construct validity of the MAP and the validity of irs use with children with developmental delays.
For clinical purposes, a child's pattern of MAP index scores should be considered as well as the total percentile score. Use of the test's recommended 6th to 25th percentile range to identify "possible problems" should be reconsidered because a cut point of the 25th percentile could result in overidentification of problems. It is not statistically correct or clinically practical to identify 25% of the preschool population as "at risk" for possible problems. A more cautious approach would be to use the 16th percentile as the cut poinr because this would represent the lower end of the average range of the Gaussian curve, or -1 standard deviation below the mean. Because the 16th percentile is not an attainable score on the MAp, use of the 14th percentile is suggested on the basis of research by Fulks (1996) ; the 14th percentile cut point resulted in higher levels of predictive accuracy than did the test's recommended 5th and 25th percentiles....
